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The present study was undertaken to determine the fate of bacteria 
introduced into the skin of sensitized animals,  but it was soon found 
that the behavior of bacteria in the normal skin was not clearly under- 
stood.  Many  observations  have  shown  that  an  inflammatory  reac- 
tion prevents  the spread  of bacteria,  particulate  matter,  and certain 
dyes.  The relationship of sensitization and immunity to local inflam- 
mation and to the fixation of bacteria is still obscure. 
In 1906 Noetzel (1) demonstrated that B. pyocya~ieus if injected into the knee 
joint  of rabbits  can be demonstrated within  5 minutes in large numbers in the 
inguinal,  crural,  and lumbar  lymph nodes and also in  the blood stream,  liver, 
kidney, and spleen.  Pawlowsky (2) repeated these observations and in addition 
found that if staphylococci are introduced into the knee joint of a guinea pig, they 
may be demonstrated in the blood stream and organs in from 24 to 48 hours after 
injection.  If a sterile irritant such as alcohol or turpentine is introduced so as to 
produce an inflammation,  and later  the  staphylococci are injected,  there  is no 
spread to the blood stream. 
Gay and Morrison (3) working on experimental empyema have shown that if 
an irritant such as meat infusion broth or egg white be introduced into the pleural 
cavity of a  rabbit,  many times  the minimal lethal  dose of streptococci can be 
injected into the pleural cavity 24 hours after the onset of inflammation without 
causing the death of the animal. 
Opie (4) showed that when streptococci are injected into the peritoneal cavity 
of a  normal rabbit,  they reach  the blood in large numbers with great rapidity, 
but if a  sterile irritant  such as aleuronat is introduced prior to the bacteria,  the 
dissemination from the peritoneal cavity is delayed.  After the inflammation has 
been present for 48 hours before the injection of bacteria, there is almost complete 
protection. 
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In 1924 Opie (5) demonstrated that a rabbit sensitized by several intradermal 
injections of foreign protein (horse serum or egg white) will fix this protein at the 
site  of injection  and prevent dissemination  into  the  blood  stream.  The same 
protein injected  into the skin  of a  normal rabbit will rapidly leave  the site  of 
injection  and enter the blood  stream.  He attributed  the fact that the protein 
remained  fixed in  the  sensitized  animal,  to  the inflammation  resulting  from a 
meeting of antigen and antibody at the site of injection. 
Willis (6) studied the spread of tubercle bacilli from the site of injection in nor- 
mal guinea pigs and in animals previously infected with  living avirulent tubercle 
bacilli.  By removing the tissue at the site of inoculation  1 hour after injection, he 
was unable  to prevent a  generalized  tuberculous  infection  in normal animals, 
whereas if he removed it from the immunized animal within 4 days he was able to 
prevent the development of generalized tuberculosis.  He determined the presence 
of tubercle bacilli in the adjacent lymph node by inoculating the tissue into normal 
guinea pigs.  It was found that the bacilli reached  the node of a normal animal 
within 24 hours, whereas they did not appear in the node of the immune animal for 
2 to 3 weeks.  Freund (7) has recently been able to obtain similar results by using 
guinea pigs immunized with heat-killed  tubercle bacilli until they showed hyper- 
sensitiveness to old tuberculin.  After injection  with tubercle bacilli the animals 
were killed at short intervals.  Tubercle bacilli were grown from the lymph nodes 
of the control animal  1 day after infection, whereas the nodes from the vaccinated 
animals did not show bacteria until much later. 
Menkin  has  recently  reported  numerous  experiments  demonstrating  the 
fixation  of various dyes and bacteria  (8)  in inflamed  areas  and has written an 
excellent review (9) of the entire subject. 
Cannon and Pacheco (10) immunized a group of guinea pigs with a staphylo- 
coccus vaccine by repeated injections into a circumscribed area of the skin over the 
abdomen.  They then infected  these animals with a virulent culture of Staphylo- 
coccus aureus injected intradermally into the same site.  A group of normal guinea 
pigs was infected with the same dosage at the same time.  The  normal animals 
showed a  diffuse cellulitis of the abdominal  wall and frequently died within 24 
hours.  Those that had been immunized showed a local area of suppuration that 
ulcerated  and  healed  with no  serious consequence.  In the normal animal  the 
organisms were diffusely scattered throughout the skin, whereas in the immunized 
animal they were gathered in clumps and showed a definite tendency to localiza- 
tion at the site of injection.  These workers have attributed this localization  to 
what they term a  tissue  immunity. 
These observations establish the fact that there is some mechanism 
whereby bacteria  in  an  inflamed area  are  prevented from spreading 
into  the  surrounding  tissues.  Menkin  believes  that  deposition  of 
fibrin  in  tissue  spaces  and  mechanical  blockage  of  lymphatics  are 
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Animals immunized against  tubercle bacilli  evidently prevent  dis- 
semination of tubercle bacilli to the regional lymphatics.  It has been 
suggested  that  the  bacilli  do  not  disseminate  because  they  are  de- 
stroyed by the immune animal shortly after injection.  It is important 
to know whether dissemination is prevented by destruction or by local 
fixation  of  bacteria,  perhaps  with  subsequent  multiplication  of  the 
organisms. 
Although  several  observers  (Buxton  and  Torrey  (11),  Bull  (12)) 
have studied  the  fate of bacteria injected into  the  serous  cavities or 
have studied their rate of disappearance from the blood stream, there 
is  little  information  concerning  the  dissemination  of  bacteria  intro- 
duced  into  the  skin  of  normal  rabbits.  Do  changes  at  the  site  of 
injection  or within lymph nodes of normal or immune animals effec- 
tively prevent  their  penetration  into  the  blood  stream  and  internal 
organs? 
Methods 
The organism used in the following experiments was a relatively non-virulent 
hemolytic streptococcus obtained from a case of peritonitis.  An 18 hour culture 
grown in fresh rabbit's blood broth was used.  The organism grown in this media 
for a  period of 18 months has shown no tendency to clump and still produces 
lesions in the skin of rabbits similar to those observed 1 year ago. 
In order to determine the number of streptococci injected into and recovered 
from the skin of a rabbit, a suitable method for counting bacteria was essential. 
The plating method discredited by some observers is not entirely accurate, but if 
the culture is thoroughly shaken with glass beads and then mixed with a pipette, 
there are many single cocci and the chains in the first dilution average from 3 to 3 
cocci per chain,  whereas in the undiluted culture the chains are much longer and 
there are fewer single cocci. 
In the earlier experiments 0.1 cc. of the culture to be counted was diluted 1 : 100, 
1 : 1,000, and 1 : 10,000.  These dilutions were made in tubes of uniform size each 
containing three glass beads.  Mter mixing with a pipette, the tubes were thor- 
oughly shaken.  0.1 cc. of each of the above dilutions was transferred to a tube of 
melted agar to which 0.5 cc. of defibrinated rabbit's blood had been added.  The 
contents were shaken and poured in a Petri dish.  Two plates were usually poured 
from each dilution.  As a  general rule the number of colonies  in the duplicate 
plates checked fairly well, but since there was occasionally rather wide variation, 
some more accurate method was sought. 
The method used by Wilson (13) was tried.  Tubes measuring 130 x 16 mm. 
each containing 2.5 cc. of agar were used.  The agar was melted and when it was 
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to be cultured were added.  The tube was well shaken and, held horizontally, was 
rolled under a cold water tap until the contents solidified  in a thin layer adherent 
to the glass.  The tubes were incubated upside down and the colonies counted 
after 48 hours.  With this  method the counts were found to check more closely 
than  with the plate method.  The following counts are representative  of those 
obtained during the course of the experiments. 
Culture diluted ........................................................  1:70,000  1:700,000 
1. No. of organisms per tube ........................... 
Average No. of organisms per tube ................... 
Calculated No. of organisms in 0.1 cc. 1: 70 dilution ...... 
2. No. of organisms per tube ........................... 
Average No. of organisms per tube ................... 
Calculated No. of organisms in 0.1 cc. 1:70 dilution .... 
497 
460 
478 
478,000 
195 
334 
264 
264,000 
53 
26 
39 
390,000 
43 
27 
35 
350,000 
When  streptococci  are  present  in  a  suspension  in  great  numbers, 
counts have  occasionally varied within  wide  limits  and it  cannot be 
claimed that  the method measures  the actual  number of streptococci 
present  in the  skin.  Nevertheless  the figures given in the  tables  are 
roughly comparable  and  as the  experiments will show, the  method is 
sufficiently accurate to determine the fate of streptococci injected into 
the  skin. 
Fate of Streptococci in Normal Rabbits 
Experiments  were  performed  to  determine  the  fate  of  hemolytic 
streptococci  injected  in  different  quantities  into  the  skin  of  normal 
rabbits. 
The site chosen for injection was the right flank about 4 era.  anterior to the 
right inguinal lymph node, which is readily palpated through the skin of a normal 
animal.  A superficial vein in this area runs to the lymph node and serves as a 
rather constant landmark for injection.  Trypan blue in saline solution injected 
into the skin in this area will rapidly and regularly accumulate in this lymph node, 
but if the injection is made too far anteriorly, a part of the dye will reach the 
axillary nodes.  Cultures were made from the subcutaneous inguinal lymph node 
and in several instances from the next node in the chain of lymphatics, which is a 
small  node usually  found at  the  bifurcation  of the  external  and  internal  iliac 
vessels.  Considerable care was required in removing this node on account of its 
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The first two rabbits listed in Table I  received 0.1  cc. of a  broth culture of 
hemolytic streptococcus and the rest received a smaller dose, namely 0.1 cc. of a 
1:10 dilution of a  similar culture.  The rabbits were killed at intervals varying 
from 15 minutes up to 100 hours.  The skin was cleaned with alcohol and distilled 
water.  With aseptic technique an anteroposterior incision about 5 cm. long was 
made over the site of the inguinal lymph node, which was easily removed with 
sterile forceps and scissors and transferred to a sterile container.  The tissue at 
the site of injection was next removed as a piece of skin measuring about 4 x 4 cm. 
which was transferred to another sterile container. 
The abdomen was now opened and the right iliac lymph node removed.  A 
blood culture was made from the heart of all the rabbits. 
The skin pinned taut on sterile gauze with the epidermal surface down, was 
carefully scraped with a  sharp scalpel.  The material obtained was thoroughly 
ground in a mortar and 9.9 cc. of broth were slowly added, making a  1 : 100 dilu- 
tion; 1 cc. of this was added to 9 cc. of broth.  Dilutions were made in this manner 
up to 1 : 100,000.  0.1 cc. of 1 : 10,000 and 1 : 100,000 dilutions were plated in blood 
agar. 
The lymph nodes were ground in a mortar and 2 cc. of broth were added drop 
by drop; 1 cc.  of the suspension was mixed with melted agar to which rabbit's 
blood had been added, and plated. 
After the cultures had been incubated for 48 hours, the colonies were counted. 
Though cultures showing no growth were kept for 1 week, a  colony seldom de- 
veloped after the first 2  days of incubation.  Only colonies showing a  definite 
zone of hemolysis were counted.  Smears were made of doubtful colonies and they 
were subcultured on blood agar and broth to check hemolysis and chain formation. 
To determine if the time elapsing between death of the animal and 
preparation  of cultures was sufficient to permit  any significant multi- 
plication of bacteria in the excised skin, the following experiment was 
performed. 
A normal rabbit was injected intracutaneously at 3 sites with 0.1 cc. of a  1 : 70 
dilution of hemolytic streptococci.  It was killed immediately and the 3 pieces of 
excised skin were left in sterile dishes at room temperature.  Cultures were made 
at intervals of ½, 1, and 1½ hours. 
No. of bacteria injected  ..........................................  336,000 
No. of bacteria recovered from skin after  ½  hr. at room temperature..  105,000 
No. of bacteria recovered from skin after 1  hr. at room temperature.  440,000 
No. of bacteria recovered from skin after 1½ hrs. at room temperature.  270,000 
These  figures indicate that  there is little multiplication in the skin 
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Site oflnjection.--When 0.1 cc. undiluted or 0.1 cc. of a 1 : 10 dilution 
of hemolytic streptococci was injected into the skin of normal rabbits, 
fewer  organisms  were  recovered  than  were  injected  in  all  but  one 
instance  (R. 70, Table I), and here the difference was slight.  On the 
other hand, when a smaller dose  (0.1  cc..1:70)  was injected intrader- 
really into normal animals  (Table II) more organisms were recovered 
than injected in about half of the rabbits.  The multiplication began 
TABLE  I 
Streptococci  in  the  Skin,  Lymph  Nodes,  and  Blood  of Normal  Rabbits  after  the 
Intracutaneous Injection of the Organism 
Designa- 
tion of 
rabbit 
R. 40 
R. 39 
R. 38 
R. 57 
R. 55 
R. 42 
R. 70 
R. 12 
R. 47 
R. 56 
R. 69 
R. 46 
R. 41 
R. 62 
R. 63 
Time interval 
2 hrs. 
4  " 
15 rain. 
15  " 
15  " 
30  " 
34  " 
50  " 
1 hr. 
2 hrs. 
2  " 
8  " 
24  " 
48  " 
100  " 
Amount injected 
0.1 cc. undiluted 
0.1  "  " 
0.1 cc. 1:10 
0.1  "  1:10 
0.1  "  1:10 
0.1  "  1:10 
0.1  "  1:10 
0.1  "  1:10 
0.1  "  1:10 
0.1  "  1:10 
0.1  "  1:10 
0.1  "  1:10 
0.1  "  1:10 
0.1  "  1:10 
0.1  "  1:10 
No. of 
streptococci 
injected 
6,430,000 
6,730,000 
736,000 
772,000 
320,000 
1,808,000 
139,000 
630,000 
333,000 
320,000 
692,000 
333,000 
1,808,000 
772,000 
772,000 
No. ofstrept~ci 
roco~r~ 
Ingui-  nal  lliac 
Skin  lymph lymph 
noue  node 
9,514,001]  211  25 
618,00C  76  101 
135,00C  0  0 
590,00C  1,940  40 
34,00C  50  6 
34,000  25  0 
165,000  1  0 
68,00G  35  0 
98,0002,447  2 
318,00G  0  0 
213,00~  2  0 
140,000  0  0 
307,00(]  178  370 
1 colony  0  0 
C  0  0 
Results  of 
blood  culture 
No growth 
within 30 minutes, became conspicuous after the 1st hour, reached a 
maximum in from 3 to 5 hours, and then rapidly subsided. 
Nevertheless in two instances, R. 41  (Table I) and Experiment 23 
(Table  II),  the  infection failed  to  subside.  After  24  hours  great 
multiplication of streptococci had occurred and up to the time when 
the animal was killed, the infection was progressive.  The conditions 
that caused this unfavorable course were not evident. D.  MURRAY ANGEVIN'E  275 
To determine if hemolytic streptococci can multiply in the skin of a 
rabbit as rapidly as these observations made during the first 5 hours 
after inoculation indicate, the experiment that follows was performed. 
0.1 cc. of a 1 : 70 dilution  in broth of an 18 hour culture of hemolytic streptococci 
was injected into the skin at 2 sites in the flank of a  rabbit killed immediately 
before injection.  One piece of skin was removed immediately and cultured as in 
the experiments on living animals.  The rabbit was then placed in an incubator 
at 37°C. for 2 hours, when the remaining  site of injection  was removed and cultured. 
The results are as follows: 
No. of bacteria injected ..........................................  220,000 
No. of bacteria recovered immediately after injection ................  83,000 
No. of bacteria recovered after incubation  of 2 hrs ...................  3,550,000 
Bacteria in the skin of a recently killed rabbit where they are not 
destroyed multiply at body temperature with great rapidity, in this 
instance about  17 times. 
Inguinal Lymph Node.--When  the larger dose, 0.1  cc. undiluted, 
or 0.1  cc.  1 : 10 of streptococci  (Table I) was injected, we recovered 
organisms  from  the  inguinal lymph nodes  in fairly large  numbers 
during  the  1st  hour.  Mter  this  period  very few  organisms  were 
recovered.  Streptococci reached the inguinal lymph node within 15 
minutes in 2 of 3 rabbits.  They were recovered from  the inguinal 
lymph node in 10 of the 15 rabbits (66.6 per cent). 
It is noteworthy that R. 40 and R. 39, in which after 2 and 4 hours 
streptococci appeared in the lymph nodes, received an unusually large 
number of bacteria. 
With the smaller dose, namely 0.1  cc. of a 1:70 dilution (Table II), 
the passage of organisms to the lymph nodes continued during 7 hours 
and then almost completely ceased coincidentally with  their disap- 
pearance from the skin. 
In 2 animals, R. 41  (Table I) and the normal rabbit in Experiment 
23  (Table II), mentioned above  as  exceptions to the usual course of 
infection, streptococci were found in lymph nodes later than 8 hours 
following injection.  In both of these animals, continued penetration 
into the lymph nodes had been accompanied by unusual multiplica- 
tion of organisms at the site of injection. 
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node in moderate numbers in 6 of 15 animals  that  had received the 
larger dose of organisms  (Table I), and in small numbers from 2 of 5 
animals  that  received  the  smaller  dose of 0.1  co.  1:70  (Table  II). 
They were present in this node in those animals that had large numbers 
of streptococci in the inguinal  lymph nodes.  It cannot be assumed 
that all of the lymph that reaches the iliac node has passed through 
the inguinal,  but cultural  differences after inoculation give some in- 
sight into the relation of proximal and distal nodes to skin infection 
and show that these nodes are fairly effective bacterial filters, though 
they permit the passage of some bacteria. 
It is noteworthy that  the passage of streptococci from inguinal  to 
iliac lymph nodes occurred in great part within the first  15 minutes 
following  intracutaneous  injection.  In  the  one  instance  (R.  47) 
in which colonies were obtained from the iliac nodes after 1 hour, there 
was an unusually large number in the inguinal node.  In the one in- 
stance (R. 41) in which there were streptococci in the iliac lymph node 
after  24  hours,  there  was progressive  infection  involving  both  skin 
and lymph nodes. 
Blood and  Internal Organs.--Organisms  were  recovered  from  the 
heart blood in only 1 of 31 cultures.  Streptococci were grown from 6 
of the  20 spleens that  were cultured.  The  liver was cultured  in  12 
instances and no organisms were recovered. 
These experiments demonstrate that a small number of the strepto- 
cocci that are injected into the skin enter the blood stream.  If it is 
assumed that they have found their way into the blood by way of the 
lymphatics,  rather  than  through  capillaries  at  the  site  of injection, 
they have not been retained by the superficial or deep lymph nodes. 
Since a  small part of the streptococci that reach the inguinal lymph 
nodes pass through them to the iliac nodes, it can be assumed that an 
even smaller number pass from the iliac nodes to blood. 
Experiments  on Sensitized  Rabbits 
Chinchilla rabbits ranging in weight from 1,600 to 2,200 gin. were sensitized by 
intracutaneous injections of 0.1 cc. of an 18 hour culture of hemolytic streptococ- 
cus given each week during 5 weeks, or later by 0.1 cc. of 1:10 dilution in broth. 
Skin hypersensitiveness was determined by the extent  of erythema and edema, 
which often surrounded a central firmer area at the immediate site of injection. 
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homologous streptococcic filtrate.  In sensitized rabbits a pink edematous wheal 
appeared in from 2 to 4 hours and reached a maximum in from 24 to 40 hours.  In 
normal rabbits this filtrate caused only slight diffuse erythema of the skin unac- 
companied by edema.  In Sensitized  animals the reaction rapidly receded,  but 
occasionally formed an abscess that persisted as a  firm nodule for a  month or 
longer. 
In each experiment a sensitized and a normal control rabbit of about the same 
weight received 0.1  cc.  of a  1:70 dilution of an  18 hour culture  of  hemolytic 
streptococcus in  broth.  Of the  animals  that  had  received intracutaneous  in- 
jections of hemolytic streptococci only those that showed acquired skin hyper- 
sensitiveness were used.  In all instances in which animals lived long enough for a 
reaction to develop (Table II), the injection of 0.1 cc. of a 1 : 70 dilution of hemo- 
lytic streptococci produced a pink erythematous wheal visible within 4 hours, or 
occasionally somewhat earlier.  In the experiments in which rabbits were killed 
within 4 hours after inoculation, it was not possible to make accurate comparison 
of the size of the skin lesions in sensitized and control animals. 
In normal rabbits this dosage usually produced only a  slight diffuse  redness 
that appeared 12 hours after injection, reached a maximum in 24 hours, and dis- 
appeared in 3 or 4 days.  In a  few normal  animals no change of the skin was 
noted. 
In  16  sensitized  animals that received 0.1  cc.  of a  1:70 dilution  of 
hemolytic streptococci, the lesions varied in size from 11 x  11 mm. with 
slight  elevation,  to  large  edematous  and  injected  wheals  measuring 
60 x 60 and raised 5 mm.  In the control rabbits, save in one instance, 
they were much smaller and  varied from no visible change  in a  few 
animals to slight redness with ill defined edema in an area not exceed- 
ing  20 mm. in diameter.  The  one  exception was in  Experiment  23 
(Table II) in which there was unexplained progressive infection in the 
control  animal and an inflammatory reaction  that measured  30 x  30 
ram. and was raised 3 mm.  This unusually severe reaction may have 
been caused by the great multiplication of bacteria  that occurred at 
the  site  of injection,  or  the  animal may have  possessed  the  "native 
sensitivity" described by Kahn (14). 
Blood cultures were made from the left ventricle of 15 animals in each group. 
The spleen was cultured in 33 instances and the liver in 24.  The entire spleen was 
ground in a mortar and 5 cc. of broth were added slowly;  1 cc. of the material in 
melted blood agar was poured into each of 2 Petri dishes so that the  number of 
colonies on each Petri dish represented approximately one-fifth of the organisms in 
the spleen.  1 gin. of liver was ground with 5 cc. of broth and was plated as above, 
the number of organisms in each Petri dish being those in approximately 0.2 gin. of 
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The results of culturing the skin and inguinal lymph nodes in sensi- 
tized  and normal rabbits  are given in Table  II.  In 24 experiments 
the average number of streptococci injected was 199,000. 
TABLE II 
The Number of Streptococci Recovered  from the Skin and Inguinal  Lymph Nodes of 
Normal and Sensitir.ed Rabbits after Intracutaneous Injection of the Organism 
Experiment 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
0.I cc.I:70  Nonnalrabblts  Sensifizedrabbits 
d~ufion 
Time interval 
15 rain. 
32  " 
1 hr. 
1  " 
1  " 
1  " 
1  " 
1  cc 
1  " 
2 hrs. 
2  " 
3  " 
4  " 
4  " 
5  " 
7  " 
12  " 
12  " 
12  " 
18  " 
18  " 
24  " 
24  " 
24  " 
48  " 
72  " 
No. of organ- 
isms injected 
678,000 
53,000 
42,000 
90,000 
170,000 
148,000 
98,000 
63,000 
210,000 
28,000 
76,000 
2,200 
478,000 
468,000 
99,000 
156,000 
678,000 
390,000 
48,000 
440,000 
114,000 
41,700 
42,000 
215,000 
365,000 
365,000 
No. of organisms recovered  No. of organisms recovered 
Skin 
455,000 
311,000 
112,000 
9,000 
152,000 
474,000 
Inguinal 
Skin  lymph node 
855,000  26 
982,000  0 
38,000  9 
19,000  26 
77,000  18 
302,000  4 
116,000  0 
2,900  588 
276,000  274 
9,200  4 
572,000  2 
13,000  161 
3,020,000  12 
13,620,000  4 
74,000  2 
7,010,000  70 
18,800  19 
22,000  1 
200  0 
0  0 
0  0 
0  0 
5,972,000  30 
0  0 
0  0 
0  0 
0  0 
505,000 
1,158,000 
165,000 
11,650,000 
14,720,000 
873,000 
16,860,000 
19,200 
88,500 
60,000 
39,000 
3,700 
13,600 
4,298,000 
2,000 
0 
0 
0 
Inguinal 
lymph node 
20 
22 
0 
4 
0 
4 
0 
0 
0 
0 
0 
o 
1 
0 
33 
0 
0 
10 
0 
0 
0 
0 
0 
0 
Site of Injection.--Streptococci were grown from the skin in 21 of 24 
sensitized  rabbits  and  in  20  of  27  controls.  A  larger  number  of 
organisms was recovered from the skin of the sensitized than from the 
control rabbits in 17 out of 21 experiments, or in 80 per cent of them. D.  MURRAY A~GEVI~CE  279 
Of the 4 normal rabbits in which there were in the skin more organ- 
isms  than in  sensitized animals,  3  were killed within  the  1st  hour, 
namely after 15 minutes, 32 minutes, and 1 hour respectively, and the 
fourth was the exceptional animal  (Experiment 23)  that was killed 
after 24 hours with excessive multiplication of organisms.  After the 
1 hour interval, with only one exception, more organisms were recov- 
ered from the skin of sensitized rabbits.  During the period from 1 to 
5  hours after inoculation streptococci have  evidently multiplied  at 
the site of inoculation.  Subsequently there was a  gradual decrease 
TABLE III 
Number  of Sensitized and Comparable Normal Control Rabbits with Streptococci in 
Lymph Nodes, Blood, or Internal Organs 
Culture taken from 
Inguinal lymph  node ............... 
lilac lymph  node ................... 
Blood ............................ 
Spleen ............................ 
Liver  ............................. 
Normal  rabbits 
No. of 
rabbits 
27 
5 
16 
20 
12 
Sensitized rabbits 
Showing  hem.olytic 
streptococci in  .T 
culture  ~o. oi 
rabbits 
No.  Per cent 
17  I  62.9*  24 
2  14o  E  s 
1  L6.21  16 
6  /30  I  13 
0  /-j12 
Showing hemolytic 
streptococci in 
culture 
No.  Per cent 
* Streptococci averaging 46.2 per lymph node. 
t Streptococci  averaging only 3.9 per lymph node. 
in number until 24 hours after inoculation, when microorganisms had 
disappeared. 
In the skin of normal rabbits there was considerably less multiplica- 
tion and few streptococci were recovered from the site of injection in 
experiments done  12 hours after injection.  Later they entirely dis- 
appeared except in the normal animal in Experiment 23. 
None of the sensitized animals was allowed to live more than 72 
hours and no organisms were recovered after 24 hours.  Cultures were 
made in one instance 8 days and in another 23 days after injection of 
sensitized rabbits,  and no growth was obtained.  Andrewes, Derick, 
and Swift (15) recovered green streptococci from lesions of sensitized 
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From these experiments it is evident that after intracutaneous injec- 
tions of small doses of avirulent hemolytic streptococci into sensitized 
rabbits,  there  is a  more  acute inflammatory reaction, and in  most 
instances larger numbers of organisms are obtained from the injected 
skin  than  from normal  rabbits  similarly injected.  The  organisms 
moreover disappear from the skin of the normal rabbits much sooner 
after injection. 
Inguinal  Lymph  Node.--There  are  conspicuous  differences in  the 
number of bacteria recovered from the inguinal lymph nodes of sensi- 
tized and normal rabbits.  Streptococci were grown from the inguinal 
lymph node in only 7 of 24  sensitized animals, whereas they were 
recovered from 15 of the 24 controls (Table II).  Table III shows the 
results of cultures made from the lymph nodes of sensitized and com- 
parable  normal animals.  In no  instance were organisms recovered 
from the inguinal lymph node after they had disappeared at the site 
of injection. 
Iliac Lymph Node.--Streptococciwere recovered  from the iliac lymph 
node in 6 of 15, or 40 per cent of the normal rabbits listed in Table I 
and were present only when there was a fairly large number of organ- 
isms in  the inguinal lymph node.  The iliac  nodes from sensitized 
rabbits  (Table III) were all negative, whereas in the control rabbits 
organisms were recovered from 2 of 5 iliac lymph nodes. 
Blood and Internal Organs.--Streptococci were obtained from the 
blood of only  1 of 31  normal animals  (Tables  I  and  III).  A  few 
colonies  of  hemolytic streptococci appeared in  the  plate  from  the 
heart's blood of this rabbit killed 15 minutes after inoculation.  Blood 
cultures from sensitized rabbits were all negative. 
The spleens of 20 normal animals were cultured and 6 contained 
streptococci in moderate number.  No streptococci were obtained from 
the spleens of 13 sensitized animals.  Cultures were made from the 
livers of 12 animals of each group and all were negative. 
It is evident that normal lymph nodes of rabbits are fairly efficient 
filters for hemolytic streptococci injected into the skin and few reach 
the blood and  internal organs.  Lymph nodes of sensitized animals 
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Histological Changes at the Site of Injection in Normal and 
Sensitized A nimals 
A group of 8 rabbits received each week during 13 weeks intracu- 
taneous injections of 0.1  cc.  of a  1:10 dilution of living hemolytic 
streptococci.  The injections were stopped for 7 weeks, and after this 
interval one more injection was given in order to determine the degree 
of sensitivity.  Shortly after this injection these rabbits together with 
8 normal rabbits received an intradermal injection of 0.1 cc. of a  1 : 70 
dilution  of  hemolytic streptococcus  (176,000).  The  site  of  injec- 
tion  was  carefully marked with  India ink,  which remained visible 
until the tissue was ready for sectioning.  The rabbits were killed in 
pairs after intervals of 2, 4, 6, 8,  12, 24, and 48 hours.  The skin at 
the site of injection and the inguinal lymph nodes were fixed in Zenker's 
fluid and stained with Mallory's eosin and methylene blue.  Descrip- 
tions of the skin lesions in the two groups of animals follow. 
After 2 Hours 
R.  211 Sensitized.--The lesion measures  11  x  11  x  2  ram.  There is diffuse 
infiltration of polymorphonuclear leucocytes, and scant edema.  Many chains of 
streptococci are seen, and about them polymorphonuclear ceils are concentrated, 
but there is very little phagocytosis.  A few eosinophile cells are present.  There 
is slight swelling of the endothelial lining of the small vessels. 
R. 337 ControL--There  is no visible change at the site of injection.  There is 
slight infiltration of polymorphonuclear cells and a few cocci in chains are seen in 
the section.  The reaction is much less conspicuous than in R. 211. 
After 4 Hours 
R. 255 Sensitized.--The skin lesion measures 20 x 22 ram.  There is much edema 
with  distension of the subcutaneous  areolar tissue and  considerable deposit of 
fibrin.  There  are  many  polymorphonuclear  leucocytes  and  they  show  more 
tendency to collect in loci than at the 2 hour period.  Streptococci are numerous, 
and many of them are adherent to the collagen fibrils.  The endothelium of the 
small vessels is swollen and their lumina are entirely filled with polymorphonuclear 
leucocytes. 
R.  348 Control.--The  skin shows slight redness that  measures  10  x  12  mm. 
There is very little edema but a  diffuse infiltration of polymorphonuclears and 
many bacteria are seen singly, in pairs, and in chains.  There is no tendency to 
concentration in any one area.  The greater number of organisms lie free in the 
tissue adjacent to polymorphonuclear cells which have ingested few cocci. 282  AVIRULENT HEMOLYTIC STREPTOCOCCI 
After 6 Hours 
R. 258 Sensitized.--The lesion is edematous and measures 22 x 27 x 3 ram.  _A. 
well circumscribed zone of densely packed polymorphonuclear cells  with a  few 
mononuclear cells  surrounds an area of necrotic tissue in which there are large 
numbers of streptococci.  There is scant phagocytosis. 
R. 339 ControL--The  lesion measures 11 x  11 mm.  There is a  small area of 
necrosis in the epidermis.  There is no edema and polymorphonuclear cells are in 
much smaller number than in R. 258.  A moderate number of cocci occur singly 
and in pairs scattered throughout the section. 
After 8 Hours 
R. 290 Sensitized.--The skin lesion measures 20 x 27 x 5 ram. and is moderately 
edematous but not injected.  In its central part there is dense infiltration with 
polymorphonuclear leucocytes,  and a  considerable number of  red blood cells. 
There is definite necrosis and in this necrotic area there is a  small collection of 
streptococci that has not been invaded by the cellular exudate.  There is more 
phagocytosis than in the other sections. 
R. 309 ControL--The  skin lesion measures 18 x 5 ram.  Microscopically there 
is a moderate edema and a diffuse infiltration  of polymorphonuclear  leucocytes, in 
the center of which there is beginning  necrosis, less conspicuous,  however, than in R. 
290.  A moderate number of cocci are seen, but there is little if any phagocytosis. 
After 12 Hours 
R. 292 Sensitized.--Edematous swelling measures 25 x 18 x 4 ram. and there is a 
well circumscribed abscess in its central part measuring 2 x 3 mm.  The normal 
tissue is replaced by a  dense, sharply defined collection of  polymorphonuclear 
leucocytes, in the  center of which  there  is necrosis.  At  the periphery of  the 
abscess there are polymorphonuclear leucocytes and mononuclear phagocytes in 
fairly large numbers. 
R. 344 ControL--The  skin lesion measures 14 x 13 ram.  Infiltration of poly- 
morphonuclear leucocytes somewhat more diffuse than in R. 292 and a few mono- 
nuclear cells are seen.  There is very little edema.  Some phagocytosis of cocci is 
found.  Many small vessels are filled with ceils and fibrin, and the endothelium is 
often swollen. 
After 24 Hours 
R. 294 Sensltized.--The lesion measures 50 x 22 x 5 ram.  There is a large area 
of necrosis composed chiefly of degenerated leucocytes and disintegrated collagen 
fibers.  There is edema separating the remaining fibrils.  A few  cocci are seen 
singly and in pairs and mononuclear phagocytes are numerous.  Fibrin in con- 
siderable amount is deposited in several places. 
R. 345 ControL--The  lesion measures 11 x 10 ram.  There is a fairly well local- D. MURRAY  ANGEVINE  283 
ized collection of polymorphonuclear leucocytes surrounded by mononuclear cells 
that have ingested cocci. 
After 48 Hours 
R. 297 Sensitized.--The skin lesion measures 30 x 40 x 5 ram.  There is a large 
localized abscess with extensive necrosis in  its central  part.  There  is  active 
phagocytosis of streptococci and much fibrin is present.  A few free cocci are seen. 
R. 340 ControL--The lesion measures 8 x 8 mm.  A small area  beneath  the 
epidermis is  infiltrated  with  polymorphonuclear leucocytes, lymphocytes,  and 
mononuclear ceils.  A few fibroblasts are present. 
The  reactions in  the  skin of hypersensitive  rabbits  began  earlier, 
proceeded more rapidly, and were accompanied by much more edema 
than those in the normal controls.  Necrosis in the center of the inflam- 
matory area was more extensive and there was a more sharply defined 
collection  of leucocytes.  Phagocytosis was  equally active  in  the  2 
groups but was not conspicuous in either,  though it began earlier in 
the  sensitized  rabbits.  Deposition  of fibrin  occurred  earlier  in  the 
sensitized  rabbits.  It  was not  possible to make a  valid comparison 
of the number of bacteria  in  the  different sections of skin, but they 
seemed to be more numerous in the skin of the hypersensitive rabbits 
than in the corresponding controls. 
The intensity of the inflammatory reaction in the lymph nodes was 
closely parallel to that seen in the skin from the same rabbit.  Both 
polymorphonuclear leucocytes and mononuclear cells appeared in the 
lymph  node  of  the  sensitized  rabbits  sooner  than  in  the  controls. 
Many macrophages were present in the lymph nodes of aU the animals 
after 24 hours. 
SUMMARY AND  CONCLUSIONS 
1.  A  relatively avirulent  strain  of hemolytic streptococci injected 
into the skin of normal rabbits seldom diminished and usually increased 
in number during the first 5 hours after inoculation but after 12 hours 
save in  exceptional  instances  the  organisms  diminished  rapidly  and 
disappeared. 
2.  Hemolytic streptococci injected into  the skin of normal rabbits 
passed rapidly from the site of injection to the regional lymph nodes 
from  which  they were  recovered in  considerable  number  within  15 
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inguinal lymph node was greatest within 2 hours after injection and 
gradually decreased so that few organisms were recovered from the 
lymph nodes after 7 hours. 
3.  Hemolytic streptococci that  reached the inguinal lymph node 
passed in small numbers to the distal or iliac lymph node, but this 
passage  save  in  exceptional instances  of  progressive  infection was 
limited to a period within 1 hour after inoculation. 
4.  Avirulent hemolytic streptococci injected into the skin of normal 
animals penetrated into the blood; they were seldom recovered from 
the circulating blood but were more frequently found in the spleen. 
5.  When hemolytic streptococci were injected into the skin of sensi- 
tized rabbits they multiplied at the site of injection during the first 5 
hours after inoculation and at corresponding time intervals a  larger 
number of organisms were recovered from the sensitized than from 
normal  control  animals.  Streptococci diminished and  disappeared 
earlier from the skin of control than from that of sensitized rabbits. 
6.  Hemolytic streptococci injected into  the  skin  of  the  flank of 
sensitized rabbits reached the inguinal lymph node in much smaller 
numbers than in normal rabbits,  and this passage from the site of 
injection to the lymph node save in an occasional instance of progres- 
sive local infection ceased after the 1st hour.  No streptococci passed 
from the inguinal to the iliac lymph nodes of sensitized animals and 
none were found in the blood or internal organs. 
7.  Histological examination showed that the inflammatory reaction 
following the injection of hemolytic streptococci into rabbits sensitized 
to this organism began sooner than in the normal animal; edema was 
more  extensive  and  both  polymorphonuclear leucocytes and  large 
mononuclear cells appeared sooner.  The lesion of a sensitized animal 
was  more  sharply  circumscribed and  there  was  necrosis  of  tissue, 
seldom seen in the normal animals. 
8.  In sensitized animals local injury with necrosis favors the multi- 
plication of relatively avirulent streptococci at the site of entry and 
explains their survival at a  time when they have disappeared in the 
controls. 
9.  In association with greater local injury and a more intense inflam- 
matory reaction in the sensitized animal as compared with the normal 
streptococci are fixed at their site of entry; theypass to adjacent lymph D.  MURRAY ANGEVINE  285 
nodes in much smaller number and fail to reach the blood and internal 
organs. 
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